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OLJKWZHLJKWPDWHULDOVDQGDGYDQFHGKLJKVWUHQJWKVWHHOV7KLVDSSOLHVQRWRQO\IRUFDUVEXWDVZHOOIRUWUDQVSRUWDWLRQ
YHKLFOHVDQGFUDQHV
7KHOLIWLQJFDSDFLW\RIFUDQHVIRUH[DPSOHLQFUHDVHGE\XVLQJKLJKHUILQHJUDLQVWHHOJUDGHVIURP64/WR
64/DVGHVFULEHGE\*HUVWHU3
,Q WKH DXWRPRWLYH VHFWRU 0Q% LV DQ H[DPSOH RI D IXOO\PDUWHQVLWLF VWHHOZLWK DQ XOWLPDWH \LHOG VWUHQJWKRI
DERXW03D$XUpOLHQHWDO FDOFXODWHG WKDWZKHQXVHG WKHZHLJKW VDYLQJSRWHQWLDOZKLOHPDLQWDLQLQJ
IXOOFUDVKSURSHUWLHVLV±7KHUIRUHLWLVXVXDOO\XVHGIRUVDIHW\UHOHYDQWERG\SDUWVVXFKDV$3LOODU%3LOODU
URRI UDLOV GRRUEHDPV HWF DQG WKH PDUNHW NHHSV JURZLQJ 7KH DGYDQWDJHV RI 0Q% DUH QXPHURXV H[FHOOHQW
TXHQFKDELOLW\ JRRG IRUPDELOLW\ DQG ORZ VSULQJEDFN DW KLJK WHPSHUDWXUHV KLJK LPSDFW VWDELOLW\ DQG DV IRUPHUO\
PHQWLRQHGWHQVLOHVWUHQJWKXSWR03DDVPHQWLRQHGE\$EGXOKD\HWDODQG:LQGPDQQHWDO
7KHGHVFULEHGPHFKDQLFDOSURSHUWLHVDUHJDLQHGWKURXJKDSURFHVVFDOOHGSUHVVKDUGHQLQJ3+7KHUHIRUHSDUWV
DUHKHDWHG IRU±PLQ LQD IXUQDFHXQWLO UHDFKLQJ WHPSHUDWXUHVRIDERXW±& WKH VWHHO LV WKHQ IXOO\
DXVWHQLWL]HG,QWKLVVWDWHWKHSDUWVDUHWUDQVIHUUHGLQWRDGLHZKHUHWKH\DUHVLPXOWDQHRXVO\IRUPHGDQGTXHQFKHG
7KH IRUPLQJ SURFHVV WDNHV DGYDQWDJH RI WKH JRRG IRUPDELOLW\ DW KLJK WHPSHUDWXUHV 7R JDLQ WKH IXOO\PDUWHQVLWLF
VWUXFWXUH WKHGLHNHHSV FORVHG IRU DERXW VZKLOH WKH VKHHW LV FRROHGGRZQZLWK DYHORFLW\RI DERXW&V DV
VWDWHGE\$EGXOKD\HWDO)HLQGWHWDODQG'DQHWDO
$VJRRGDVWKHSUHVVKDUGHQHG0Q%PD\EHDVDFRQVWUXFWLRQPDWHULDOWKHUHDUHVHYHUDOLVVXHVZKHQLWFRPHV
WRMRLQLQJ(DFKKHDWLQSXWLQGXFHGE\DMRLQLQJSURFHVVKDUPVWKHFRVWO\DGMXVWHGPDWHULDOSURSHUWLHV7KHUHVXOWLVD
ORVV RI KDUGQHVV DQG VWUHQJWK LQ WKH KHDWDIIHFWHG ]RQHZKLFK FDQ EH TXDQWLILHG WR DSS +9  7KLV DSSOLHV
HVSHFLDOO\IRUIXVLRQZHOGLQJSURFHVVHVVXFKDVODVHUEHDPZHOGLQJDVLWZDVFRQWULEXWHGE\*HUKDUGVHWDO
$OWKRXJKDGYDQWDJHVRIODVHUEHDPZHOGLQJDUHKLJKHQHUJ\GHQVLWLHVDQGWKHUHIRUHKLJKZHOGLQJVSHHGVDVZHOO
DVORZHQHUJ\LQSXWWKHHIIHFWVWLOORFFXUV:LQNHWDOILJXUHGRXW7KHWHPSHUDWXUHILHOGZKHUHWKHORVVWDNHV
SODFHOLHVEHWZHHQDSS&DQG&
7KHSRLQWRIPD[LPXPKDUGQHVVORVVLQWKHKHDWDIIHFWHG]RQH+$=ZDVGHWHUPLQHGWRWKHWKHRUHWLFDOSRLQW
&E\5LHGHOHWDOEHFDXVHWKHPDWHULDOLVQRWDXVWHQLWL]HGDQ\PRUH
,WLVSRVVLEOHWRSURGXFHVRXQG0Q%ZHOGVZLWKVHYHUDOZHOGLQJSURFHVVHV8VXDOO\5HVLVWDQFH6SRW:HOGLQJ
/DVHU :HOGLQJ RU *DV 0HWDO $UF *0$ ZHOGLQJ DUH XVHG WR MRLQ 0Q% ZRUN SLHFHV /DVHU*0$+\EULG
ZHOGLQJWULDOVFRQGXFWHGE\0|OOHUHWDOLPSURYHGWKHJDSEULGJLQJDELOLW\XSWRPPZLWKQRQHWKHOHVV
KLJKZHOGLQJYHORFLWLHVRIDSSPPLQ
:KLOH LQFUHDVLQJ WKH ZHOGLQJ YHORFLW\ OHDGV WR KLJKHU FRROLQJ UDWHV WKH RQO\ HIIHFW LV D UHGXFWLRQ RI +$=
ZLGQHVV7KHPLQLPDOKDUGQHVVYDOXHVRIXVXDOO\+9FDQQRWEH LPSURYHGDVVWDWHGE\*XHWDO DQG
6LOWDQHQHWDO
/LNHWKH0Q%64/ORVHVKDUGQHVVDQGVWUHQJWKWKURXJKRXWWKHZHOGLQJSURFHVV7KH\LHOGVWUHQJWKRI
03D LVQRW UHDFKHG ,ID WWLPHRI±V LVH[FHHGHGKDUGQHVVDQGVWUHQJWKGURSEHORZEDVHPDWHULDO
OHYHO$WWLPHRIDERXWVOHDGVWRPDUWHQVLWHLQWKHFRDUVHJUDLQ]RQH+RZHYHUULVLQJFRROLQJWLPHV
LQFUHDVHWKHSHUFHQWDJHRIEDLQLWH([FHHGLQJVDVWWLPHIHUULWHFDQEHIRXQGDWWKHJUDLQERXQGDULHV1ROGH
HWDO
,WLVSRVVLEOHWRSURGXFHVRXQG64/ZHOGVZLWKWKH*0$/DVHU+\EULGZLWKRXWSUHKHDWLQJ,QWHQVLOHWHVWV
FDUULHGRXWE\-DKQHWDOVSHFLPHQVIDLOHGXQGHULQWKH+$=
)DWLJXHWHVWVRIODVHUZHOGHG64/ZHUHFRQGXFWHGE\6OH]DNHWDO7KH\VKRZHGDFUDFNLQLWLDWLRQLQ
WKHUHFU\VWDOOL]DWLRQUHJLRQRI+$=ZKLFKLVFKDUDFWHUL]HGE\LWVORZVWUHQJWKDQGKDUGQHVV
3UHKHDWLQJZRUN SLHFHV DW WHPSHUDWXUHV RI DSS  & FDQQRW DYRLG+\GURJHQ$VVLVWHG&ROG&UDFNLQJZKHQ
ZHOGLQJ XQGHU VHYHUH FRQGLWLRQV OLNH KLJK H[WHUQDO UHVWUDLQW DQG KLJK K\GURJHQ OHYHOV:RQJSDQ\D HWDO 
IRXQGRXWWKDWDSURSHUSRVWKHDWLQJSURFHVVFDQDYRLGLW
7KHDOWHUQDWLYHLVDORZK\GURJHQFRQWHQWLQWKHDUHDVXUURXQGLQJWKHZHOGLQJSURFHVV7KLVFDQEHDFKLHYHGE\D
FRQWUROOHGDWPRVSKHUHZLWKORZDWPRVSKHULFKXPLGLW\RUE\VXSSUHVVLQJWKHDWPRVSKHUHZLWKDGU\JDVIORZ
0RWLYDWLRQ
6RIWHQLQJ LQ WKH +$= LV D FRPPRQ SKHQRPHQRQ ZLWK XOWUDKLJK VWUHQJWK VWHHOV EHFDXVH WKH VWUHQJWKHQLQJ
SURSHUWLHV DUH VWURQJO\ LQIOXHQFHG E\ HDFKKHDW LQSXW7KHZHOG VHDP LWVHOI DQG WKH FORVH UDQJH+$= DUH KHDWHG
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DERYH DXVWHQLWL]DWLRQ WHPSHUDWXUH &RPELQHGZLWK D KLJK FRROLQJ UDWH FRPPRQ LQ EHDPZHOGLQJ SURFHVVHV WKH
VWUXFWXUH UHPDLQV PDUWHQVLWLF :LWK LQFUHDVLQJ GLVWDQFH WR WKH ZHOG VHDP VWUHQJWK DQG KDUGQHVV GHFUHDVH XQWLO
UHDFKLQJWKHPD[LPXPORVVRIKDUGQHVV$IWHUZDUGVWKH\LQFUHDVHDJDLQXQWLOUHDFKLQJWKHOHYHORIEDVHPHWDO7KH
VWUXFWXUH LQ WKH]RQHRIPD[LPXPORVVRIKDUGQHVVZDVGHWHUPLQHGE\.LPHWDO  WREHPDLQO\ IHUULWHDQG
EDLQLWHLQVWHDGRIPDUWHQVLWH
7KH NH\ WR LPSURYH PDWHULDO FRQGLWLRQV LQ WKH +$= RI XOWUDKLJK VWUHQJWK VWHHOV PLJKW EH WR HQKDQFH KHDW
GLVVLSDWLRQRXWRIWKHZRUNSLHFHE\XVLQJDQDFWLYHFRROLQJGHYLFH5HVHDUFKHVRI+DPDWDQLHWDOVXJJHVW
WKDWWKHRSWLPDOZHOGLQJWHPSHUDWXUHIRUXOWUDILQHJUDLQVWHHOVLV&,WZDVSRVVLEOHWRVKLIWWKHFUDFNLQLWLDWLRQ
RXWRIWKH+$=LQWRWKHEDVHPDWHULDO7KHH[SHULPHQWDOVHWXSZDVWRVXEPHUJHWKHZRUNSLHFHLQWROLTXLGQLWURJHQ
RUWRVSUD\FRROWKHZRUNSLHFHZLWKOLTXLGQLWURJHQIURPEHORZZKLOHODVHUZHOGLQJ+RZHYHUWKHQLWURJHQFDXVHGD
IRFXVVKLIWRIWKHODVHUEHDPZKLFKFDXVHGVHYHUDOSUREOHPVIRUWKHUHSURGXFLELOLW\
3UHOLPLQDU\WHVWRIZHOGLQJWULDOVDWVXE]HURWHPSHUDWXUHVZHUHSHUIRUPHGE\*HUKDUGVHWDO D0Q%
ZDVODVHUZHOGHGDWWHPSHUDWXUHVGRZQWR&DQG64/ZDVZHOGHGDWWHPSHUDWXUHVGRZQWR&,QERWK
FDVHVDVLJQLILFDQWUHGXFWLRQRI+$=ZLGQHVVFRXOGEHDFKLHYHG)RU0Q%WKHGLVWDQFHEHWZHHQWKHWZRSRLQWV
RI PD[LPXP KDUGQHVV ORVV DW & DQG & ZHUH DSSUR[LPDWHO\ PP DQG PP UHVSHFWLYHO\ ,W WRRN
PPDQGPPIRUWKHKDUGQHVVWRULVHIURP+9WR+9RQERWKVLGHVRIWKHZHOGVHDP)LJ


)LJ&RPSDULVRQRIKDUGQHVVSURILOHV+90Q%3+PPRQPPRYHUODS7D &DQG7E &*HUKDUGVHWDOD
7KLV PHDQV WKH GLVWDQFH EHWZHHQ WKH WZR SRLQWV RI PD[LPXP KDUGQHVV ORVV LQ WKH FRROHG +$= ZDV 
QDUURZHU FRPSDUHG WR WKH XQFRROHG RQH )XUWKHUPRUH WKH GLVWDQFHZKHUH D KDUGQHVV RI +9ZDV UHDFKHG
FRXOGEHUHGXFHGE\WKURXJKRXWWKHFRROLQJ
,QWKHFDVHRI64/WKHQDUURZLQJRI+$=ZDVGLIIHUHQWWRWKDWRIWKH0Q%VWHHO:KLOHWKHVWHHSQHVVRI
WKHULVLQJKDUGQHVVSURILOHZDVVLPLODURQERWKVLGHVRIWKHZHOGVHDPUHGXFHGE\WKHGLVWDQFHEHWZHHQWKH
WZRSRLQWVRIPD[LPXPKDUGQHVVORVVUHPDLQHGWKHVDPH)LJ


)LJ&RPSDULVRQRIKDUGQHVVSURILOHV+964/PPEXWWZHOG7D &DQG7E &*HUKDUGVHWDOD
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8QIRUWXQDWHO\ LW ZDV QRW SRVVLEOH WR UHDFK WHPSHUDWXUHV ORZHU WKDQ & WKLV ZDV FDXVHG E\ DWPRVSKHULF
LQWHUDFWLRQV$GGLWLRQDOO\FRQGHQVDWLRQLQWKHZHOGLQJDUHDFRXOGEHREVHUYHGZKLFKKDGDQLPSDFWRQWKHDELOLW\WR
ZHOGWKURXJK
7KXVWKHFODPSLQJGHYLFHKDGWREHUHGHVLJQHGWRDYRLGFRQGHQVDWLRQRQDQGKHDWGLVVLSDWLRQLQWRWKHFODPSLQJ
MDZV)XUWKHUPRUHQRWHQVLOHWHVWVZHUHFDUULHGRXWVRIDU%XWWRGHPRQVWUDWHDSRVVLEOHLPSURYHPHQWRI+$=WKH
XOWLPDWHWHQVLOHVWUHQJWKKDVWREHGHWHUPLQHG
7KH IROORZLQJ ZRUN VKRZV WKH UHGHVLJQ RI WKH FODPSLQJ GHYLFH DV ZHOO DV GHHSHU DQDO\VLV RI PHFKDQLFDO
WHFKQRORJLFDO SURSHUWLHV RI 0Q% RYHUODS MRLQWV DQG 6 EXWW MRLQWV IRU WKH FDVH RI ODVHU EHDPZHOGLQJ DW
VXE]HURWHPSHUDWXUHVGRZQWR&
([SHULPHQWDO6HWXS
7R DFKLHYH FRROLQJ WHPSHUDWXUHV EHORZ & ZKLOH DYRLGLQJ FRQGHQVDWLRQ WKH FODPSLQJ GHYLFH ZDV
UHGHVLJQHG,WLVHQWLUHO\PDGHRXWRIFRSSHUWRXWLOL]HLWVKLJKWKHUPDOFRQGXFWLYLW\$FRROLQJGHYLFHPL[HVOLTXLG
DQGJDVHRXVQLWURJHQ7KXVWHPSHUDWXUHVLQDUDQJHRI&&FDQEHDFKLHYHG7KHJDVIORZLVGLUHFWHGLQ
PHDQGHU VKDSHG FRROLQJ FKDQQHOV WKURXJK WKH FODPSLQJ GHYLFH LQ RUGHU WR FRRO WKHP GRZQ WR WKH UHTXLUHG
WHPSHUDWXUHV$IWHUFRROLQJGRZQWKHFODPSLQJMDZV WKHJDV LVOHDGWKURXJKQR]]OHVGLUHFWO\ WR WKHZHOGLQJDUHD
7KLVLVVXSSRVHGWRVXUSUHVVHVWKHDWPRVSKHUHDQGDYRLGVFRQGHQVDWLRQ)LJ


)LJ&ODPSLQJGHYLFHZLWKLQWHJUDWHGDFWLYHJDVIORZFRROLQJ7KHVHFRQGFODPSLQJMDZLVKLGGHQIRUDEHWWHUYLHZO1R]]OHVOHDGWKHJDV
IORZGLUHFWO\WRWKHZHOGLQJDUHDU
)XUWKHUPRUH WKHFODPSLQJGHYLFH LVSODFHGLQDFOLPDWLFFKDPEHUZKLFKFRQVLVWVRIDGRXEOHZDOOHGDOXPLQXP
VWUXFWXUHILOOHGZLWKLVRODWLQJPDWHULDO7KHFKDPEHUVKLHOGVWKHFODPSLQJGHYLFHIURPWKHDWPRVSKHUHZKLFKDOORZV
ORZHU WHPSHUDWXUHV DQG DYRLGV FRQGHQVDWLRQ7KH ODWWHU LV VXSSRUWHG WKURXJK WKH FRQVWDQW IOXVKLQJZLWKQLWURJHQ
OHDYLQJQRSRVVLELOLW\IRUZDWHUYDSRXUWRUHDFKWKHFODPSLQJGHYLFHZKLOHFRROLQJ7KHRQO\WLPHWKHFKDPEHULV
RSHQGLVGXULQJWKHZHOGLQJSHULRG)LJ

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
)LJFOLPDWLFFKDPEHUGRXEOHZDOOHGDOXPLQLXPVWUXFWXUHRSHQODQGFORVHGU
$7UX'LVN/DVHUZLWKDIRFDOGLDPHWHURIPPDQGPPIRFDOOHQJWKZDVXVHGDVEHDPVRXUFH7KH
H[SHULPHQWVZHOGLQJ0Q%3+DUHSHUIRUPHGDFFRUGLQJWRWKH6(3³7HVWLQJDQG'RFXPHQWDWLRQ*XLGHOLQH
IRU WKH -RLQDELOLW\RI WKLQ VKHHWRI VWHHO±3DUW/DVHUEHDPZHOGLQJ´7KHUHIRUH WKH VKHHWV DUHDGMXVWHGZLWKD
PPRYHUODS OHQJWK DQGZLGWKZHUH[PPZLWK D WKLFNQHVV RIPP/DVHU SRZHUZDV FRQILJXUHG WR
N:DQGWKHZHOGLQJVSHHGZDVGHWHUPLQHGDVWKHPD[LPXPYHORFLW\ZKHUHWKHVKHHWVZHUHIXOO\ZHOGHGWKURXJK
7RH[FOXGHWKHLQIOXHQFHRIWKH$OXPLQXP6LOLFRQVXUIDFHFRDWLQJLWZDVUHPRYHGE\ODVHUVXUIDFHWUHDWPHQW7KH
H[SHULPHQWVZHOGLQJ64/ZHUHLQVSLUHGE\6(33DUWEXWWKHMRLQWIRUPZDVDEXWWZHOG/DVHUSRZHU
ZDVFRQILJXUHG WRN:DQG WKHZHOGLQJVSHHGZDVDJDLQGHWHUPLQHGDV WKHPD[LPXPYHORFLW\ZKHUH WKHVKHHWV
ZHUHIXOO\ZHOGHGWKURXJK$OOZHOGLQJWULDOVZHUHSHUIRUPHGDWWKHIROORZLQJWHPSHUDWXUHV

0Q% 6
x &
x &
x &
x &
x &

5HVXOWVDQG'LVFXVVLRQ
7KHWULDOVDWURRPWHPSHUDWXUHZHUHFDUULHGRXWZLWKRXWWKHFRROLQJJDVIORZ$WORZWHPSHUDWXUHVWULDOVZLWKDQG
ZLWKRXW FRROLQJJDV IORZZHUH FRQGXFWHG ,W WXUQHGRXW WKDWZHOGLQJZLWKRXW WKHJDV IORZ OHDGV WR OHVVQHJDWLYH
LQIOXHQFHRQWKHZHOGVHDPJHRPHWU\%XWEHFDXVHRIWKHKLJKHUGHQVLW\RIWKHFROGJDVRQO\OLWWOHVXUURXQGLQJDLU
IORDWVLQWRWKHFKDPEHU7KHUHIRUHQHDUO\QRFRQGHQVDWLRQWDNHVSODFHRQWKHFODPSLQJMDZVDQGLQWKHZHOGLQJDUHD
:HOGLQJ VSHHGZDVPPLQ IRU WKH0Q% VWHHO DQGPPLQ IRU WKH64/ UHVSHFWLYHO\7KHZHOGLQJ
VSHHGZDVQRW DOWHUHGZKLOHZHOGLQJDW ORZHUHG WHPSHUDWXUHVGRZQ WR± &7RDFKLHYH IXOO\ZHOGHG WKURXJK
VKHHWVODVHUSRZHUKDGWREHLQFUHDVHGWRN:0Q%DQGN:64/
$OWKRXJKORZWHPSHUDWXUHVDQGKXPLGLW\DUHSUHGHVWLQDWHGWRFDXVHGHIHFWVLQWKHFURVVVHFWLRQVERWKIRU&
DQG & QR VXFK WKLQJV DV SRUHV FDYLWLHV RU FUDFNV FDQ EH IRXQG %XW WKHUH LV D GLVWLQFW GLIIHUHQFH LQ WKH
DSSHDUDQFHDVDJDSVKRZVLQWKH&FURVVVHFWLRQ,WLVFDXVHGE\WKHODVHUVXUIDFHWUHDWPHQWXVHGWRUHPRYHWKH
$OXPLQXP6LOLFRQ $O6L FRDWLQJ 7KLV JDS OHDGV WR D VOLJKW ZHOG VXUIDFH FRQFDYLW\ ZKLFK LV KRZHYHU VWLOO
FRQIRUPLQJWRVWDQGDUGV)LJ
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
)LJ&RPSDULVRQRI0Q%RYHUODSFURVVVHFWLRQV&DQG&
8QOLNH WKH FURVV VHFWLRQV WKH KDUGQHVV SURILOHV VKRZ D GHILQLWH GLIIHUHQFH LQ WKHLU DSSHDUDQFH 7KH EOXH OLQH
VKRZVWKHSURILOHIRU&ZHOG%RWKWKHJUH\&DQGRUDQJH&OLQHDUHQDUURZHUDVZHOODVVKDOORZHU
7DNLQJWKHYDOXHVLQWRDFFRXQWWKHPLQLPXPKDUGQHVVIRU&LVDSSUR[+9IRU&+9LQVWHDG
RI+9IRUWKH&ZHOG)LJ


)LJ&RPSDULVRQRI0Q%RYHUODSKDUGQHVVSURILOHV&&DQG&
%HFDXVH EDVHPDWHULDO KDUGQHVV LV QRW UHDFKHG LQ WKHKDUGQHVV SURILOH RI WKH &ZHOG D FRPSDULVRQ WR WKH
FRROHGZHOGVLVQRWH[SHGLHQW+RZHYHULWFDQEHVDLGWKDWDEHQHILWRIIXUWKHUUHGXFWLRQVRIWKHFRROLQJWHPSHUDWXUH
LV YHU\ XQOLNHO\ EHFDXVH WKH ZLGWK RI WKH & DQG WKH & ZHOGV DUH YHU\ VLPLODU 2EYLRXVO\ WKH KHDW
GLVVLSDWLRQLQWKHZRUNSLHFHLWVHOILVWKHOLPLWLQJIDFWRU
8QIRUWXQDWHO\WKHSRVLWLYHHIIHFWRIFRROLQJFDQQRWEHIRXQGLQWKHWHQVLOHWHVWV:KLOHWKHUHLVOHVVYDULDWLRQRI
WKH GLIIHUHQW SURILOHV IRU WKH &ZHOG QR GLVWLQFWLYH GLIIHUHQFH RI WKH XOWLPDWH \LHOG VWUHQJWK RU SDWK FDQ EH
REVHUYHGFRPSDUHGWRWKH&ZHOG%RWKIDLOHGDWDSSUR[N1DQGPPLQDYHUDJH)LJ

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
)LJ&RPSDULVRQRI0Q%RYHUODSWHQVLOHWHVWV&ODQG&U
(VSHFLDOO\ XOWUDKLJK VWUHQJWK ILQH JUDLQ VWHHOV OLNH WKH 64/ DUH VXVFHSWLEOH IRU K\GURJHQ UHODWHG FROG
FUDFNLQJ DV WKH ILQH JUDLQV DQG WKHUHIRUH ODUJH QXPEHUV RI JUDLQ ERXQGULHV JLYH WKH SRVVLELOLW\ IRU K\GURJHQ WR
UHFRPELQDWH$VDERYHPHQWLRQHGORZWHPSHUDWXUHVDQGKXPLGLW\DUHSUHGHVWLQDWHGWRFDXVHWKLVGHIHFW%XWLQWKH
FURVVVHFWLRQVERWKIRUWKH&DQG&ZHOGVQRK\GURJHQLQGXFHGFROGFUDFNLQJQRSRUHVRURWKHUGHIHFWV
FDQEHIRXQG
7KHRQO\GLIIHUHQFHWKDWFDQEHVHHQLVDZKLWHOLQHLQWKHFHQWHUOLQHRIWKH&ZHOG,WLVPRVWOLNHO\FDXVHG
E\WKHDFFHOHUDWHGUDWHRIGHQGULWLFJURZWKZKLFKFDXVHVWKHGHQGULWHVWRJURZGLUHFWO\WRZDUGVHDFKRWKHU)LJ

)LJ&RPSDULVRQRI6EXWWZHOGFURVVVHFWLRQV&DQG&
7KHKDUGQHVVSURILOHRI64/EXWWZHOGVDW&DQG&DUHQRWDVGLIIHUHQWDVLQWKHFDVHRI0Q%
1HYHUWKHOHVVLWFDQEHREVHUYHGWKDWWKH+$=RIWKH&ZHOGLVQDUURZHUFRPSDUHGWRWKH&ZHOG7KH
GLVWDQFHEHWZHHQWKHWZRSRLQWVRIPLQLPDOKDUGQHVVDUHPP&DQGPP&UHVSHFWLYHO\,WWDNHV
PP&DQGPP&WRUHDFKDYDOXHRI+9
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
)LJ


)LJ&RPSDULVRQRI6EXWWZHOGKDUGQHVVSURILOHV&DQG&
7KLV PHDQV WKH GLVWDQFH EHWZHHQ WKH WZR SRLQWV RI PLQLPDO KDUGQHVV LQ WKH FRROHG +$= LV  VPDOOHU
FRPSDUHGWRWKHXQFRROHGRQH)XUWKHUPRUHWKHKDUGQHVVUHDFKHV+9IDVWHU
8QIRUWXQDWHO\WKHSRVLWLYHHIIHFWRIFRROLQJFDQQRWEHIRXQGLQWKHWHQVLOH WHVWV)RUERWKZHOGV WKHVSHFLPHQV
ZHUHWHVWHGDFFRUGLQJWR,62WKHFURVVVHFWLRQDODUHDVZHUHPPð[PP%RWKZHOGVIDLOHGDWDSSUR[
N1DQGPPLQDYHUDJH)LJ

)LJ&RPSDULVRQRI6EXWWZHOGWHQVLOHWHVWV&DQG&
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&RQFOXVLRQ
,Q ERWK FDVHVZHOGLQJ WKH 0Q%RU 64/ D VKULQNDJH RI+$=ZLGWK FRXOG EH REVHUYHG IXUWKHUPRUH
KDUGQHVVYDOXHVZHUHLPSURYHG7KLVDSSOLHVHVSHFLDOO\IRUWKH0Q%ZKHUHWKHPLQLPDOKDUGQHVVVKRZHGYDOXHV
RIQHDUO\+9LQVWHDGRI+9ZKHQODVHUZHOGLQJDW&8QIRUWXQDWHO\WKLVLPSURYHPHQWFRXOGQRWEH
REVHUYHG LQ WHQVLOH WHVWVZKHUHQRGLVWLQFWLYHGLIIHUHQFHFRPSDUHG WRZHOGLQJDW URRPWHPSHUDWXUHDSSHDUHG7KLV
PD\EHUHODWHGWRWKHODUJHUPHWDOOXUJLFDOQRWFKUHVXOWLQJIURPWKHVWHHSQHVVRIWKHULVLQJKDUGQHVVSURILOH7KXVLW
FDQEHQRWLFHG WKDW WKHUH LV QRSRVVLELOLW\ WR LPSURYH WKH VWUHQJWK OHYHOVRIPDUWHQVLWLF VWHHOV WKURXJKRXWYDU\LQJ
SURFHVVSDUDPHWHUV OLNHZHOGLQJYHORFLW\RUXWLOL]LQJ DQ DFWLYH FRROLQJ HYHQ LI VXE]HUR WHPSHUDWXUHVGRZQ WR 
&DUH DSSOLHG$ IXUWKHU LPSURYHPHQW DW ORZHU WHPSHUDWXUHV LV XQOLNHO\EHFDXVHKHDW GLVVLSDWLRQ LQ WKHZRUN
SLHFHLWVHOILVWKHOLPLWLQJIDFWRU
7KHRQO\RSSRUWXQLW\WRIXUWKHULQFUHDVHWKHSRWHQWLDORIOLJKWZHLJKWGHVLJQE\XVLQJXOWUDKLJKVWUHQJWKVWHHOVLVD
GHWDLOHGGHVFULSWLRQRIWKHLUPDWHULDOSURSHUWLHVLQWKH+$=7RGD\VFDUERG\GHVLJQDQGFUDVKVLPXODWLRQUHOLHVRQ
FRQVHUYDWLYHHVWLPDWLRQVUHJDUGLQJ WKH MRLQLQJ]RQHVVWUHQJWK7KHPDWHULDO VWUHQJWK LVGHFUHDVHG WKURXJKDVDIHW\
IDFWRUZKLFKOHDGVWRKLJKHUVKHHWWKLFNQHVVHV7KHNQRZOHGJHRI+$=PDWHULDOSURSHUWLHVHQDEOHVWKHSRVVLELOLW\WR
VLPXODWHUHDOLVWLFPDWHULDOEHKDYLRUDQGWKHUHIRUHDUHGXFHVKHHWWKLFNQHVVDQGZHLJKW
$FNQRZOHGJHPHQWV
7KH:HOGLQJDQG-RLQLQJ,QVWLWXWHRIWKH5:7+$DFKHQ8QLYHUVLW\ZRXOGOLNHWRWKDQNDOOSDUWLFLSDWLQJSDUWQHUV
IURPWKHLQGXVWU\IRUWKHLUVXSSRUW7KHUHVXOWVVKRZQDUHSDUWRIWKH,*)UHVHDUFKSURMHFW1RIWKH5HVHDUFK
$VVRFLDWLRQ'HXWVFKHU9HUEDQGIU6FKZHLHQXQGYHUZDQGWH9HUIDKUHQH9'96$DFKHQHU6WUDH
'VVHOGRUI7KHSURMHFW LV VXSSRUWHGYLD WKH$,) H9 DQG ILQDQFHGZLWKLQ WKHEXGJHW RI WKH)HGHUDO0LQLVWU\ RI
(FRQRPLF$IIDLUVDQG7HFKQRORJ\WRSURPRWHMRLQWLQGXVWULDOUHVHDUFKDQGGHYHORSPHQW,*)%\GHFLVLRQRIWKH
*HUPDQ%XQGHVWDJ


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